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B HacTosmet paGoTe mpeacTaBICHBI PE3VIib-
TaThl aHAIN3a FCOMETPUUECKUX PA3MEPOB H BOJO-
POIOHON MPOHULIACMOCTH MHUKpOcdep, H3rOTOBICH-
HBIX W3 OOPOCHIIMKATHOTO CTEKIa ABYMS DPa3iud-
HBIMH METOJAMH, IPEIHAZHAUCHHBIX A1 HCCIACAO-
BaHUM B 00JACTH JA3CPHBIN PU3UKH.

TpeGoBaHuS K TEOMETPUH U HPOHULACMOCTH
MHUKpOchEp ONPEeACTIIOTC] VCIOBHAMH KOHKPET-
HOrO (PH3MYECKOTO 3KCIICPHMEHTA, HANPHMED, IO
HHU3KOTEMIICPATYPHOU KOHCEPBALUU TEPMOSLACPHO-
ro TOIUTMBA B BHIAE JcutepreBo-TpuTHEBOro (DT)
JbJA Y U3YUYCHUIO CBEPXIUIOTHOTO CHKATHSL IIIA3MBL,
HapaMeTpbl MUKPOHU3ACIHN AOKHBI COOTBETCTBO-
BaTh MOLIHOCTH U JAAUTCNBHOCTU JA3CPHOTO HUM-

MyJbCa, BO3ACHCTBYIOLIETO HA WX IOBEPXHOCTb.
TpeboBaHHS K T€OMETPHUUCCKUAM MapaMeTpaM MHUK-
pocthep npuseacnst B Tada. 1 [1]. Aas moaroroBku
Ja3epHON YCTAaHOBKH K JIKCICPUMEHTY TpeOyeTcs
ONpeIeIEHHOE BPEMs, TO3TOMY KOHTPOIHPOBAICS
nepuoa nonyucreucnus DT-raza — 7', Haubomnee
MOAXOMALIMMH  SIBJBIFOTCS  MHKpOchepsl, 11 KO-
Ttopeix 11,230 cyr. Hanonosuny mycteie (0be3ra-
JKCHHBIC) MUKPOCHEPHI 3aONHAIOTC Ta30M A0 HC-
XOJHOTO AABICHUSA, MOCNIC YEr0 OHH CUHUTAKOTCS
NPUTOAHBIMH ATl (PUBHYCCKHX JKCIICPHMCHTOB.
Mukpocdepsl ¢ MCHBIIMM BPEMCHEM KH3HH HC-
MONTB3YIOTCSI B APYTUX IKCIICPUMCHTAX.

Tadruya 1

IMapameTtps1 Mmukpocdep aus gazepHo-PU3HUECKHUX IKCIIEPUMEHTOB

[Tapamerp

Benmmunna

Juamerp D

CdepuarocTh

Tommuna cTeHkn A
Pasnorommunnocts Ah/h
OKCIEHTpUCHUTET Ha ydacTke (2+3)h
PaznomaccoBocts Am

Bpems nonyucreuenusi raza 7,

e MeHee 100 MM
0,5 %

He Menee 0,1 MEM
He 6oaee 10 %

0,5 %

3%

He MeHee 30 cyT.

Peaynprarel M3MEpeHHs] MAPAMETPOB MHUKPO-
chep HCUTPOHHBIM PATHOAKTHBALIHOHHBIM METO-
JOM 3aBHCAT OT OJHOPOJHOCTH PACHPCACICHUS B
CTCKJIC HCUTPOHO- M PEHTTCHOMOIIOIAOIINX THA-
THOCTHYCCKUX A00aBOK (eBpomust u cBuHI@). [lis
3TOro OBLIH Pa3padOTaHBl CHCHUATIPHBIC COCTABBI H
TCXHOJIOTHS CHHTE3a B BOJAHOM PACTBOPE C MpUME-
HCHHUCM OPTaHHYCCKUX U HEOPTaHHUYCCKHUX KOMITO-
HeHTOB (Tabi. 2) [2-5].

PacuétHpiM myTEM TPOHUIIACMOCTE OLICHHUBA-
mack o kodddurmenty Ky (moms-m/(m>-cIla), co-
OTBETCTBYIOIICC YPABHCHUE MPEATOKEHO aBTOPAMH
paboTsi [6]:

K, =8,1-10"4exp|:-(%)((17330-127,8C)i|7 (1)

rie C — comepXaHHE CTEKI00OpazoBaTeIch
Si0,+B,0;+P,0s, moa. %.

B vypaBuennu (1) B 9BHOM BHIEC HE YYTCHBI
JPYTHE THIIUYHBIC CTCKI000pa30BaTeliv, HpOME-
JKYTOUHBIC OKCHIBI, MOAM(PHKATOPHI (3TO MOXKHO

Boipasuth Kak (100-Cgy ,p o po. ). HO TOTAQ
27273 725

"HcuesaroT" mepBHIE TPH OKCHAA) M XapaKTCPHUCTH-
KU CTPYKTypa CTeKiIa, O3 4ero ypaBHCHHE HE CO-
BCEM KOPPEKTHO, TaK KaK, HCCOMHCHHO, MPOHHLIA-
€MOCTb CTEKJIA 3aBHCHUT OT Pa3MECPHOCTH U CBSI3HO-
CTH €ro CTPYKTYpHOH ceTku. s gokasarenbcTsa

167



Becmuux BI'TY um. B.I'. Illyxoea

2016, Ne7

npuscacM mpumep w3 [7]: mpu ompeacnEHHBIX
koHueHTparusx Na,O u B,0; ymioTHsSOT CTpyK-
Typy, a Si0, paspeixaser. B HarpueBoGopocuin-
KaTHBIX CTEKIax oba 3ddekra neHCTBYIOT NpoTH-
BOTIOJIOKHO, TIPH comeprkannu B,0O5 oxomo 18 mac.
% oxcua Na,O B xommuectse 12-15 mac. % gsmus-
€TCSl TOHOPOM KHCIOPOAa, M3MEHAA KOOpAUHAIIH-
OHHOC YHCI0 Oopa Mo kucmopony ¢ 3 no 4, Terpa-
sapudeckue rpymmsl [BO4] ycnmmBaroT cTpykTypy
bopocumukarHeix crékon. [lpu maneneiimmem yse-

mmaeHUH KoHUeHTpammd Na,O Terpasapuueckue
rpymmel [BO4] mepecTpauBaioTcs B IUIOCKHE TpPH-
ronajpabie [BOs], uro MoxkeT BhI3BaTh (ha30BOC
paszencHue crekia B GopMe KaneabHOH JIHKBALNH,
OCTa0NICHHE CTPYKTYPBl CTEKIA W YCHUJICHHE C€ro
MPOHULIACMOCTH. AHAJIOTHYHBIC SBICHUS MPOUC-
XOJAT, €CNH TMPH TMOCTOSIHHOM COJCPXKAHHHU Ile-
JOYHOTO OKCHAAQ TOBHIMACTCA coacpxkanue B,0;
cBepx 18 mac. %. B Gecmienounsix cTéknax moaoo-
HBIC 3((DEKTH OTCYTCTBYIOT.

Tadnuya 2

Crekyioo0pasyromne KOMIO3HIUH JJIs1 H3r0TOBJIEHHUSI MUKPOC(ep

Cosepxanne KOMIIOHEHTa, Mac. %

Kowmonext 2033978 [2]* 2036856 [3]* 2036171 [4]* 2205802 [5]*
H;BO; 7,46-7.82 7,64-7.82 8,21-831 5,56—7,44
NaOH 25,43-26,59 26,46—26,72 27,60-27.72 13,60-15,52
KOH 10,01-10,36 10,25-10.48 11,01-11,14 0,06-0,15
Li,SOy4 HET HET 0,07-0,70 HET
Li,CO3 0,25-0,74 0,22-0,74 HET HET
Eu,0O; 0,70—4,00 0,70—4,00 HET HET
PbO HET HET HET 6,65-6,82
C¢HgO4 3,90-22.30 3,90-22.30 Her 20,50-22,90
C22H1 109(NH4)3 0,60_3,50 HET HCT 0, 1 0_0,24
(NH,),CO 1,00-2,90 1,00-3,00 HET HET
CaCO;, HET HET HET 5,94-6,06
Mg(OH), HET HET HET 1,17-1,45
Al(OH); HET HET HET 0,02-0,05
H,Si0; OCTaIILHOE OCTAILHOE OCTaJILHOE OCTaJILHOE

[Tpumeuanue* — HOMepa naTeHTOB PO, "HeT" — OTCYTCTBHUE BEIECTBA B COCTaBE

BaxxHBIM  TEXHOIOTHYECKHM  IMapaMeTpoM,
OMNPEACSIOIUM COOTHOUICHUE OCHOBHBIX KOMIIO-
HEHTOB CHJIMKATHBIX CTEKOJ, SB/ISICTCS CHUIHKAT-
HBI MOAYTb 7s;, KOTOPBIM pacCUMTHIBANICS MO
hopmyze (2) [8]:

C,
_ Si0,
Si
C'NaZO

n

; )

rae CSi02 , CNaZO — COACPKAHUSI OKCUIOB KPEMHUS

U HaTpus, MO %.

B kauecTBe CTPYKTYpPOONPECISIOUICIO mapa-
METpa B HACTOSAMICH PaboTe HUCMOIb30BAICS (HAKTOP
CBI3HOCTH CTPYKTYPBI CTCKJA, MPCAIoKCHHBIN H.
H. Epmonenxko [9]:

N
R

]

)

*I[J'IH 0003HaYCHHI MOAYIIA TIPUMCHSCTCS CUMBOJL
M, HO Takxke oO0o3HadaeTCs MOJIbHAd Macca, HOdSTOMY
3J1ech U jJaliee Il CWIMKAaTHOI'O MOJYJIS IIPUMCHAICH
CHMBOIJI ng;

[locae mpeoOpazoBaHus ¢ VUETOM PEKOMCH-
Jauuii aBropa dopmyaa (3) mpuUMeHsIack B Clie-
JVIOIICM BHJC:

ExCZ - 556,
y =1 -
zj: %G,

rae Z — BaJCHTHOCTD, X — YHCIO ATOMOB METAIA B
MOJICKYJIC OKCHAA; j, k — OKCHABI, coaepKaiue Ka-
THOHBI ¢ BAJICHTHOCTHIO Z>1 U Z=1 COOTBCTCTBCH-
HO; C — coAepkaHue OKCHAA, MOJ. %o.

3Hak "munyc" B uucautene GopMysibl 0O3HAYA-
€T, YTO MICIOYHBIC OKCHABl Pa3yMopsAIOYUBAIOT
cTpyktypy ctékon. Popmyny (4) MOXKHO mpuMme-
HATH IJ1S1 TPOTHO3UPOBAHUS PA3MEPHOCTH CTPYKTY-
pel. Y=4 yka3piBacT Ha OOPA30BAHUC TPEXMEPHOM
CETKH, Y=3 — ABYXMEpPHOM CIOUCTOH, V=2 — OxHO-
MEPHOH LETIOYETHOH CTPYKTYPHI, TIpH Y<2 HEIb3A
CUMTATh BO3MOMKHBIM O0pa3zoBaHHE CTEKIA, B [9]
MPUBEACHBI COOTBETCTBYIOINUE CTPYKTYPHBIC MO-
THBBI.

daktop cBa3HOCTH Y OTpakact (yHAAMCH-
TAIBHOC CBOMCTBO CTEKOJI — CBOOOJHBIN OOBEM,
onpeaesomui razonponunacMocts. C ycHICHU-
€M CBJZHOCTH CETKA CTCKIa B OONBIICH CTCIICHH

; 4)
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MPUOIMKACTCS K CTPYKTYPE KBApPLEBOTO CTEKIA,
Haubojiee rasonponunacmoro |[7], u HaobopoT —
HU3Kas CBA3HOCTh CBUACTCIBCTBYET O MCHEE MPO-
Huaemon (0oiee ynakoBaHHOH) CTPYKTYpE, Clie-
JOoBaTeIbHO, 2<Y<4. JluHeiiHas 3aBUCHUMOCTh MCHK-
Iy VIAKOBKOHW M MPOHHIIASMOCTBIO CTCK/IA, CKOPES
BCETO, MAJIOBEPOSITHA.

OuCHUM KOJIMYCCTBO BOAOPOAA, MPOXOIAIICTO
4uePEe3 HAUMCHBIIECE OTBEPCTHE B CETKE CTeKIa. Mo-
CTHUKOBBIC KHCIOPOABI MOTYT 00pa3oBath Tpe-
VYTONBHUK (HAUMEHBIICE OTBEPCTHE) IUIOINAIbI0 So.

0.0=lo-o"3/2=(2,64-10"%)%.0,865=6-10"° M.
MexpaaepHoe paccTosHUE /1 B Monekyne H, — 74
M [10], mosTomy mmormazs eé ceuenms 1,7-1070 m?,
a KOJNHMYCCTBO MONEKYI, OJHOBPEMCHHO MPOXOMS-
KX 4Yepe3 TYCHKy, paBHO TpéM. B ceTke ectrs mo-
Joctu 00Jee CIOKHOU (OPMBI, CIOCOOHBIC MPO-
myckate Oounplne raza. 1o ecTh NPOHHULIIACMOCTb
HEOOXOIUMO MPOTHO3UPOBATH YIKE HA dTame paspa-
OOTKH cOCTaBa CTCKIA, MOACTHPYS BO3MOXKHYIO
CTPYKTYPY, ONIPEIEIIsisl HEOOXOANUMBIC KOMIIOHCHTHI,
HUX MOJLIPHBIC OOBEMBI, YCIOBHS CTEKI0OOpa3oBa-
HUS U T. 1.

ITo TpagnumonHO# TBEpAOGAZHOH TEXHONO-
MU CTCKJSIHHBIC BOJOPOJOHAIOIHICMBIC MHKPO-
chepsl B cuity ux crieiuduku (tada. 1) u3rotoButsh
HEJB3s, HCOOXOMNMBI COBECPIICHHO WHBIC METOJBI.
HzBecTHbIe C€MOCOOBI MOMYYCHHS CHIMKATOB CO
CBUHLIOM U JIAHTAHOWIAMH, B YACTHOCTH, C €BPO-
MMUEM, OPHUCHTHUPOBAHBI HA KIACCHYCCKHH TBEPAO-
(ha3HBI METOJ, COOCKICHUE B PACTBOPAX C KOM-
MOHCHTAMH OCHOBBI WM JUCICPTUPOBAHUE OKCH-
JIOB B PacTBOpE.

B [11] coobmaetcst 0 aByx cmocobax H3ro-
toBneHus cdep. Kugkocte (CycneH3us, ropsauit
PacTBOP) U3 KamCIbHHULIBI MOCTYIACT B TPYOY € XO-
JAOIHBIM (CXKHDKCHHBIM) Ta30M, IA¢ KAaIUTH, 3amMep-
3as1, MpUOOPETAOT CHEPHUCCKY IO hopMmy.

ITo gpyromy cmocody Mukpochepsl U3roTas-
JAUBAIOTCS U3 CTCKIOKpommkw [12] ¢ BBEOEHHBIM
BCIICHUBATEIICM.

B [13] npu tepmoobOpaboTke Ha KaIllmk BO3-
JEUCTBYIOT YIBTPa3BYKOM.

B [14] onuceiBaroTcst Crocod u meub i U3-
TOTOBJICHUS MHUKpocep Mo METoay Kamelb, VKa-
3BIBACTCSl TEMIICPATYPHBIH PEXKUM H CTEKIO00pa-
3VIOIIUE COCTABHI.

B [15] mpuBoasTcst HOBBIE CHOCOOBI MOMYUE-
HUS CHUTHKATHBIX CTEKON W COCTaBbI CTEKOI [16]
¢upm "3M Co." (CLHA), "Saint-Gobain Vitrage"
(®panaus), "Glaverbel" (beasrus), "Nippon Sheet
Glass Co." u "Tokai Kogyo Co." (Snonus) nas
nony4yeHus1 Mukpochep. BHauane 3onb-rens cno-
cOo0OM TOIy4aCTCs PacTBOP. 3areM pPacTBOp Cy-
LINTCS B PACTIBUTATCIBHON CYIIHIKE H OTOUPAIOTCS
MOPOLIKH 33IaHHOW JUCTICPCHOCTH, M3 KOTOPBIX
dopmupyrorcs muxpocgepel. Hanee muxpochepsr

00pabaThIBAIOTCS XUMHUYCCKHUMH PEArcHTaMH, OT-
MEeIBarOTCS U cymarcs. [lo Bropomy cnocoOy mpea-
BapUTEJILHO CBAPCHHOE CTEKJIO Pa3MalbIBACTCA U
¢pakunonupyercs Ha curax. llopomkn HyXHOU
JUCTICPCHOCTH MPOITyCKAIOTCS Yepe3 Imams raszo-
BO3AYIOHOH TOPEIKH, B PE3YJIbTATC MOMYYAOTCS
Mukpochepbl. PHIHKO-XUMHUYECCKHE XapaKTepH-
CTUKH MUKPOCHEP, U3rOTOBICHHBIX MO KJACCHYC-
CKOM TEXHOJIOTHH, BBILIE, YEM IO 30J1b-TCIb CIIOCO-
Oy; HO mepBbIi crmocod CIOXKHEE MO ANnapaTypHoO-
My odopMIIeHHUIO 1 HoIee MATCPHATOEMOK.

B nacrosieii pabore mMukpochepsl H3roTas-
JMBAJIHMCh METOJAMH Kanenb U gpurtel [2-5], BHA-
yane BCErAa TOTOBWJICS BOXHBIM PAacTBOP KOMIIO-
HeHToB. [lo Metomy (pUTTEL pacTBOP HMCXOAHBIX
KOMIIOHCHTOB CYLITHICS JO COCTOSIHHS TS, 3aTeM
apobuics, oTOupanuck (Gpakipu 4actul Tpedye-
MoOH aucniepcHocTH. B ofoux meromax mpumeHs-
Jack BeICOKOTEMIIeparypHas nieus (puc. 1). OcHOB-
HOM KOHCTPYKTUBHBIHN 3JC€MEHT €YU — BEPTUKAIIb-
HO YCTaHABIUBACMAs TCIUIOU30JHPOBAHHAS TPyOa
U3 anyHOa JIHHOW OKomo 5 MeTpos. BHyTpu pas-
MeIlanach BTOpas TpyOa W3 IIABICHOTO KBapLa
JUI M30JSIIMH  KEPaMHUKH OT PacIiiaBa CTEKIA.
[Teun cocTosna U3 YETHIPEX TEMICPATYPHBIX 30H U
30HBI oxnaxkaeHus Mukpochep. B 1 3ome kammm
padoyero pacTBopa 3a CYET HCIAPCHHUS  BOXBI
MpeoOpa30BBIBATUCh B TICJICBBIC Mmapuku. Bo 2
3oue (300 °C) renp ymiotnsiics. B 1-3 3onax (m0
500 °C) BBLACTATUCH IAPHI BOABI U YITICKUCTBIN ra3
MPU CrOPAaHUH OPTaHHUYCCKUX KOMIIOHCHTOB, 3TH
rasel opmupoBamu moneie Mukpocheps.. B 3—4
soHax (800-1400 °C) pasmarancs CCPHOKHCIBIN
JUTUH — HEOPTaHUUIECKHUI ra3000pa3oBaTels, ra3o-
o0Opa3HBIC OKCHIBI CEPbI MPEITCTBOBATH KOJIAII-
Cy MOJBIX MUKPOU3AEINI B BEICOKOTEMIIEPATYPHOU
soue (He Beime 1400 °C), rae 3aBepinagoch CTCK-
71000pa3oBaHue.

[lo meroay kamenp B BEpPXHEH 4YACTH NEYH
VCTaHABJIUBAICSA TCHEpaTop IJsl pasOHeHUs CTPYH
pacTBopa Ha karmd. Jnsg mpeaoTBpalueHus ClIdna-
Hug 9 u3 10 magarommx Kancib OTKIOHSINACEH DJICK-
TPO3aPSIHBIM YCTPOUCTBOM U COOHPANHCH B CIIC-
OHATBHOM PE3epByape, OTKYAA PACTBOP BHOBb BO3-
Bpamancss B NPOU3BOACTBCHHBIH wnukia. OGpaso-
BaBIIMECI MUKpocepsl ocegany BHH3 U coOupa-
JHCh B KOIICKTOpE, MPEACTABIABLICM COOOH L-
JUHAP W3 METAUTHYCCKOH (DONMBIU C CETYATHIM
nHoM. B MeTone GpuTTE reHepaTop Kamneiab U 3JICK-
TPO3APSAIHUK HE NPUMCHSINCE, & MUKPOCHEPHl U3-
FOTABIMBAIUCH U3 OTOOPAHHBIX (hPAKIHA MOJIOTOH
(dbpuTTHI.

[lo mMeroay kamenap H3rOTABIUBAIUCH OJHO-
POIHBIC MO TECOMETPUUCCKUM pazMepaM H3ICTHsL
Hnsa yMeHbIIeHUs pazdbpoca mapaMeTpoB B METOAC
¢dputTH HeOOX0AMMO (pakuuoHupoBanue. B meTo-
JC KareJb OPOLCHTHOS COOTHOLICHUE MOIBIX U HE-
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KOHAULMOHHBIX HM3ACAHiA  (IIAPUKOB, OCKOJIKOB
chep, O6echopMEHHBIX KYCOUYKOB CTEKIA U APYTHX)
B cpeaneMm coctaBmsmio 80:20, B MeToae QpUTTH
BBIXOJ HCKOHIHUITMOHHBLIX H3JACIUH MOT JOCTUTaTh

MeTon ¥ mpuroTosneHIe— MeTox
$ppurTH J’ pacTBoOpa Kareib
CYIIKa
I
MeXaHIecKasl

0bpaboTka Keepore,
IOy IeHIIe IIIITXThI
I

opobmerte

I
pacces Ha
ppaximm

L

OTOOp T1eneBoit
dbpaxrmm
T

IT3roTOBJICHIIE MIIKPOC (1) cp

N
KOHTEIIHEP ¢ aprOHOM A1

XpaHeHs MIKpocdep

a)

40 %. bpaxkoBaHHBIC M3ACIUS OCIOKHSIIH PYIHON
0TOOP KOHIUIIMOHHBIX MUKPOCHEP.

PAacTeop ((l’ljma)l 1  VcnopHbIe 603HAYTEHHA:

1 - kBapueeaa TpyGa

- ATyHAOBasd Tpyda

- MAarHe3HTOBBIH KHPIIH'
- CTATBHOH KOAYX

5 - acect

5 - BOJAHOH XOI0JHITBEHHK
7 - KOJUIEKTOP

\It
RN OV ]

;

|-

BOJA «— = 6

0)

Puc. 1. Texmonorudaeckas cxemMa H3TOTOBICHNS CTCKIIHHBIX MI/IKpOC(i)epZ
a — ¢xXeMa IIpon3BOJICTBA, 6 — TIeUh

Mertoa kamens OrpaHHYHBAICH TOIBKO BpEMe-
HEM CTApCHHUS PAacTBOPOB (00pa30BaHUC OCAAKOB U
refist), a HCHONb30BAHHE YIbTPa3ByKa TpeOOBAIO
COCLMANBHEIX MEpP 3allHUTHl mepcoHanta. Bropoi
METOA MpOLIc MO anmapaTypHoMy OQOpPMIICHHUIO,
JOMYCKANOCh  JUIMTEIBHOE XPAaHCHUE TOTOBOU
¢dpurrer. HecmoTpss Ha HMMCIOIIHECS HEAOCTATKH
o0a MeTona OJWHAKOBO MPHUTOAHBI ANl H3TOTOBIIC-
HUSL BOJOPOJOHAMOJHICMBIX CTCK/ISIHHBIX MHKPO-
chep.

Bcero 6b110 msroroBieHo 89 mapTuii MUKPO-
chep u3 crexa menoUHOOOPOCUITUKATHOTO COCTABA
(RBSi)". PasMepsl usaenuil U3MEHSTUCh B CIELY-
omux opeaenax, MEM: Dy, (20-300), Dy (140-
1400), D., (136-606), h (0,75-10,5); Ah/h
(1-10) %. Tpu maptru (3 % ot oOwero Komude-
CTBA) HE MPHUTOIHBI T (PU3HUSCKUX UCCIICIOBAHUIMA
— Ah/R>10 % (2 mapruun), Ah/h=1 % (1 maprus); a
86 maptuit (97 %) xkoHgurmonHsie, 5 %<Ah/h<10
%. U3 rux otobpanu u mpu 200-300 °C 3anonaumm
DT-razom 605 muxpochep.

Bribopky u3 605 muxpocdep pazaenunu Ha 3
vact; AW/h<S, Ah/h=5, 5<Ah/h<10. IlpoBeaecH cra-

"B msroTonienun Mukpocdep yuacTBoBaid B. H.
Hmomeuknn, E. ®. Mensenen, B. I". T'oroiaes, B. M.
Wzropoaun. OT60p, H3MEPEHHE TCOMETPHICCKUX Mapa-
MeTpoB MuUKpocdep U JaBieHHs Traza BeimonHmna H. H.
Mapunnuesa (POAI-BHUND®)

THUCTHUYCCKUN aHATN3 H3MCPCHHBIX BEIMYHMH H Pac-
cunTanbl kodddunmeHTel Ky no ¢popmyne (3). Us-
JCIUS  XapaKTCPH30BANNCh  YIOBICTBOPUTECIBEHON
MPOHULIACMOCTBIO, PA3HOTONIIHHHOCTE 92 % cdep
coctasmsia Ah/h<5 Y%. B 25-tu cnyvasx ucTeUcHUE
DT-raza gmamoce Oomee 0,5 roxma. Ilomyuen pe-
KOpAHBIH pe3ynbTar — 77,>2 net (822 cyT.).

BompmmucTBO MuKpochep co ceunuoM (75 %
oT 0o0IIEero KOMUYECTBA) H BCE MHKPOC(EPHI C €B-
poOnMeM OKa3almuch MPHTOAHBIMH ISl JIA3CPHO-
(UBMUICCKUX HCCICAOBAHUN, OJMITUPUUYCCKU TOIY-
YCHO CJICAYIOUICE BEIPAKCHHC!

Ky=0,0549-10Dh(t,,)" (5)

PesynpraTel CpaBHUTEIBHOTO aHAIW3a COCTA-
BOB M MPOHMITACMOCTH MHKPOChEp, MOMYICHHBIX B
Hacrosmed padore, U aHamoros u3 KamudopHuii-
cxkoro yuusepeureta (UC, CHIA); Jlusepmopckoii
HaroHanpHOH nmadoparopuu um. . O. Jloypenca
(LLNL, CHIA); HccrneaoBareipbCKOro LECHTPA IO
JA3CpPHOMY TEPMOAACPHOMY cHuHTE3Y Kwuraiickoit
AxazeMun TexHHUeCkOoW (u3uku, r. MuHBIH
(RCLF CAEP, KHP); O06veaunéunoii ¢upmsl, r.
Qun Ipoop (KMS Fusion, CIIIA), npeacrasneHsr B
Tab/. 3—5 ¥ NPOWLIFOCTPUPOBAHBI prC. 1.

OcHoBa cocraBoe (tada. 3), momn. %: SiO,
68,913,9; B,0; 3,6710,97; Na,O 20,8%2.,8; K,O
4,9+1,2; Li,O 0,3740,12; apyrue oxkcuabl BCTpeda-
muck snmzoamdeckd. LlenrecooOpa3sHO HPUMEHATH
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Ca0 u MgO, oHM MOBHIIAIOT YCTOHYHUBOCTD H3IC-
v kK atMoc(epHOI KOppo3UH.

VYcTaHoBEHa KOppEeIILUsI MEXAY IPOHHIAE-
MOCTBIO H COACPKAHHEM OKCHAOB, OJHAKO YPaBHE-
HUS PETPECCUH BBIPAKAIHCH NOJIMHOMaMH 5—6 CcTe-

NEHEH, YTO YKa3blBAJIO HA CIIOXKHBIN XapakTep 3aBU-
cumocth. C yuétoM aaHHbIX Taba. 3 u Gopmyisr (1)
noay4eHo ypasHeHue 1gKy=f(ns;), Tak kak 1gKy B
OCHOBHOM 3aBHCENA OT coAeprkaHus OKCHIOB SiO,
u Na,O (puc. 2):

1gK=—19,74+0,11ns—-0,13ng” +0,01ng;’, p=0,92.
V)
Coxcm’ Mo % | | | | | | ngH
80+ L-10 * gk 1
e SiO II < MgO
60 - --15 2
O B203 VI > ons
401 " 20 A NaZO I & A1203
\Y KZO Vv H
A LiZO VII = Eu203
& Ca0 IV % PbO
X mpumecu
Puc. 2. M3menenne conepxanust OKCHIOB Ciyeyy B COCTABAX CTEKOT MUKpPOCHED
u ko3 durmenta nporuriaeMoct 1gKy (pacuér o gopmyite (1)) B 3aBuCUMOCTH
OT CHJIMKATHOTO MOAYIIS ng; (pacuér o popmyie (2))
Tadruya 3
CocraBbl KoMno3uuuii Mukpocdep u ux kpurepuu Kr
Conepxanne okcrga Cj, Mol % Kr Heros-
SiO, | B,O; [ Na,0 [ K,0 [ Li,O [ CaO [MgO [ P,Os [ ALO: [ ZnO [EwO: [ PbO [mp. | ng | oKy | ™
7900 | 200 [ 680 | 010 - 100 | 05 03 02 08 - - | 03] 162 | -1380 [6]
72,70 | 180 [ 21,80 | 350 | 020 - - - - - - - - | 333 | 2200 [14]
7879 | 149 | 1811 | 151 | 010 - - - - - - - 435 | -19,73 [17]
6595 | 652 | 2134 | 591 | 028 - - - - - - - - | 309 [ 1966 [5]
5246 | 600 [ 3160 | 877 | 0,79 - - - - - 038 - - | L66 | —19,74 [3]
6681 | 478 | 2154 | 481 | 046 - - - - - - 26 - | 310 [ —1984 [5]
76,0 | 140 | 1060 - - 113 - - - - - - - | 724 | 2052 [18]
[Ipumeganme. "-" — OTCyTCTBHE KOMIIOHEHTA B COCTaBe, Ip. — cyMMa npuMmeceil, koodppunueHT BogopoIHO

MPOHUITAEMOCTH Ky paccauThIBaics o gopmyie (1)

IgK,

-12

T
iRt

-14

I

-16

R\

-18

VR Sedw

A ‘% Y A

\
A\

1234 7 8 910 12

% 11
I'azoBas cpena

JILA J'IaSepHO-CbI/ISI/I‘IeCKI/IX HCCICI0BaHUHN

Puc. 3. IIpoHHIaeMOCTb CTEKOI

1[6],1-H,, 2 -D,, 3 -DT;
11[19] 4 —He, 5 — D, 6 — Ne;
I [13], 7 — Hy; IV [17], 8 - DT;

V [2-5], 9—11 — DT (créxina cucreM

9-— Nazo—Kzo—Lizo—B203—Si02,

10 — Nazo—Kzo—Li20—EU203—B203—
—Si0,, 11 — Na,0O-K,0-Li,O-PbO-

~B,04-Si0,); VI[18], 12 - DT
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Tadnuya 4

IpoHnuaemMocTh cTEKISIHHBIX cepUIecKHX MUKP0OaIoHoB pu 293-300 K

Hcrounuk

Bemmmuna 1gKy (1)

UC&LLNL [6]

Krapueoe crexio (Mmonosut) [19]
LLNL [13]

RCLF CAEP [17]

Hacrosmas paora (RBSi,+Eu,+Pb)[2-5]
KMS Fusion [18]

-13,4;-14; -14

-16,73; -19.,4; 20,44

-18;-19; 20; -21; -22; -23; —24; -25;, -26
—-19,74; 20,094, -19,684, —19,634, —19,55; -19,69
—-19,66; -19,74; —19,84

-20,52

B Tabn. 4 v Ha puc. 3 npuBEeICHBI PE3YIBTATHI
HU3MEPEHHUSI MPOHHIACMOCTH CTCKISIHHBIX MHKPO-
chep-ananoros.  Ilponunaemocte  mMuxpochep
UC&LLNL nauntonee Boicokas. Mukpochepst pas-
HOr'O COCTaBa, MOJMYYCHHEIC B Hactosmeil padore,
Mano OTIHYAIUCH MO MPOHHIAEMOCTH, T. €. OmIpe-
JCISIONIEe BIUSHUE HA CBOMCTBO OKazan IIEIOY-
HOOOPOCHIIMKATHBIA COCTAB OCHOBHI, & HE JUArHO-
cTHUYCCKHE J0OABKH — CBPOMHN H CBUHELI.

B pesyiabTaTe KOPPEIAHOHHO-
PETrPECCHOHHOrO aHATN3a AAHHBIX PACcUETa BETHUH-
Hbl 1gKy 1 akTopa CBI3HOCTU CTPYKTYPHI Y mosy-
ueHO ypaBHeHHE (5):

1gK;=40,45-63,97Y+22,47Y*-2,61Y°, p=0,9.

AnmpokcuMarus MOJTHHOMOM TPEThEH CTeTe-
HHU yKa3blBala Ha OONBINYI0 3aBUCHMOCTB IgKy oT
taxTtopa cazHocTH cTpyKTypHl Y. Ilo koadduuu-
CHTY TMPOHHULACMOCTH MHKPOC(HEpPbl CABHUBATh
TPYAHO: HENb3 UCKIIOUYUTh BEPOSTHBIC MOTPEIIHO-
CTH MCTOAMKH H3MCPCHUS H (WIH) BIUSHUC HA
CBOMCTBO MEXaHHYCCKHUX JC(EKTOB MOBEPXHOCTH
M3ICTHH (MHKPOTPELIHH, OTKPBITHIX HOP U T. 1), TO
€CTh B OKCICPUMCHTE MOIYYACTCS HHTETPalbHAS
MPOHULIACMOCTD — CBOMCTBO CTCKIIA KaK BEIICCTBA U
u3genus w3 BewecTsa. |IpoHHMIIaEMOCTh CTEKOM

oObekTHBHEE oOueHHBaTh Kak (yvHkumo Ky=f(Y),
3TO MO3BOJSET MOHATh MNPHYMHY OOMBIICH WIH
MEHBIICH MPOHUIACMOCTH B 3aBUCHMOCTH OT CO-
CTaBa M CTPYKTYPBL. C POCTOM B CTEKIC KOJIHMUC-
ctBa SiO; U ¢ YMCHBIICHUEM KOIHYCCTBA MOAU(H-
KaTOPOB Pa3sMEPHOCTh CCTKH MOBBICHTCS, MO3TOMY
k03 PH-IIHECHT NPOHNIIAEMOCTH BBIIIE H HAOOOPOT.
brmsocts cpeannx 3HaueHnit (Ku 5 / Ku p)op. ¥ Kop.
(1,6 u 1,2 coorBercTBeHHO, Taba. 5) NOATBEPKAACT
LeJiecooOpasHocTy mpuMeHeHns (akropa Y ana
pacuéta xo3dpduumenta Ky [ns wusrorosicHus
BOJOPOJOHANONHACMBIX MHKPOCc]Ep BBICOKOKPEM-
HE3EMHBIE CTEKIIA MEHEE MPeanouTHTEIbHBI. OXu-
JACTCS, YTO MPOHHUIIACMOCTh CTEKO, 000TAIIEHHBIX
Mouduraropamu, OVACT HHXKE, YTO HE MPOTHBO-
peunT ussectHeIM (paktam. [lpu Y<2 crekno we 06-
pasyeTcs, mo3ToMy MpH pa3paboTKe COCTABOB MHUK-
pochep HEOOXOAUMO YUHUTHIBATE OTPAHHYUTCIIBHOC
yenoBue 2<Y<4. Tlo pesympraTtaM aHaIN3a BSIHIUH
Ky 5 / Ky p CIEAYET BBIBOJ: PacUSTHHIE 3HAUCHUS
KO3 PUILIHCHTA MPOHUIIACMOCTH 3aBEIAOMO HIDKE,
no3romy Gopmyay (1) MOKHO MPUMEHSTH HE AJIS
CTPOTHX KOJUYCCTBCHHBIX PAcuETOB, a IS TOHH-
MaHUsl TCHACHIIMYA U3MCHCHHS BOJAOPOIHON MPOHH-
LACMOCTH CTEKOI B 3aBHCHMOCTH OT UX COCTABOB.

Tadnuya 5
PesyabTaTel cpaBHeHHs1 MEHKpochep-ananoros no ko3 ppuuHeHTY IPOHHIIAEMOCTH

Ky, » Y Ky » Ky >/ Ky p K Hcrounnk
2,29-10% 2,93 1,86-10 1,23 1,37 [2-5]
1,86-10% 3,48 8,91-107% 2,09 1,15 [17]
3,02:1072 3,54 6,46:1072 0,45 1,13 [18]
8,82-107 3,64 2,75-10°! 3,02 1,10 [6]

1.10°22 3,89 1.10°2 1,00 1,03 [13]

[Tpumeuanue. Uagexcamu "5, p" 0603HAUEHE KO3(PPUIUEHTH TPOHAIIAEMOCTH, PacuéT mo gopmyire (5) u ¢ yaé-
TOM (QOpMYIEI (3) COOTBETCTBEHHO; (Kyy 5/ Ky p)ep=1,6, K, =1,2; cp. — cpennee; K — koo (hQUIUEHT CpaBHEHHSA IIPOHHE-
IaeMOCTH KBapIeBoro (Y=4) u moGoro apyroro crekia (Y<4), K=4Y "' [20]

Hrak, B pe3yapTaTe aHATHN3a TCOMCTPHICCKUX
MapaMeTPoOB W BOJOPOTHON MPOHUIACMOCTA MHK-
pocep, H3rOTOBJACHHBIX B HACTOSIICH padoTe,
YCTaHOBJICHA KOPPESILMS MPOHHLIACMOCTH C CHJIH-
KaTHBIM MOJYJEM U (PaKTOPOM CBA3HOCTH CTPYKTY-
pol.  TIpOHMITAEMOCTD  OMPEACSIOT  OCHOBHBIC
CTPYKTYPOOOpA3yIOIIME  OKCHABI  KPCMHHS |

HATPHSL, U 3TO CBOMCTBO HE 3aBHCHT OT JUArHOCTH-
yeckux 106aBok. Mukpocepsl, H3rOTOBICHHBIC U3
CHHTCTHYCCKHX COCTABOB, UMEIH CICAYIOLIHEC Ia-
pametper; quameTp D=228%3 mrMm (TpeOOBAIOCH HE
menee 100); tommumua creuku /7=2,8110,07 MrM
(TpeboBanocs He MmeHee 0,1); pasHOTOIIIMHHOCTH
Ah/h=4,6910,04 % (tpeboBamoce He Gosace 10);
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cpeaHee BpEMS MOMYHUCTCUCHHS Taza COCTABUIIO
T1,=51,6 cyt. (TpeboBanoce He MeHee 30). Mukpo-
cheppl  oTBeHanu  TpeOOBaHHAM  J1a3CpPHO-
(PUBHYCCKUX HCCICIOBAHHN, CPABHUMEI C 3apyOeik-
HBIMH aHAJOTaMH H MPEBOCXOAMIN HEKOTOPHIE H3
HUX o ko3 uuueHTY TIPOHHIIAEMOCTH
Ki=(2,240,2)-10%  mons-Mm/(M*-cTla) (mponmmac-
Mocte Mukpochep Kanndopuuiickoro yausepcure-
ta Ki=1,58-10""* momp-m/(M*-c-I1a)).
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Medvedev E.F., Min’ko N.I

PRODUCTION OF GLASS MICROSPHERES FROM SYNTHETIC COMPOUNDS

The results of analysis of glass microspheres access were represented. Microspheres were used as hydrogen
inflated microballoons in laser physics experiments. The correlation between experimentally determined hy-
drogen permeation, silicate modulus and structure connectivity factor was determined. It was proved, that

microspheres met the presented requirements.

Key words: glass, microspheres, structure, silicate modulus, connectivity factor, coefficient of permeation.
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